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Abstract 
The study analyses the possibilities of improving timber-framed wall thermal insulation in historical buildings. Due to the specific 
nature of these building objects, whose historical value during the course of thermal modernisation measures cannot be affected, 
methods of increasing thermal insulation which require little intervention in the structure of partitions and which can be accepted 
by the appropriate authorities of monument protection were only indicated. The analysis was conducted using an example of a 
historical building from the area of Lower Silesia, for which several possible solutions of wall thermal insulation with the use of 
modern materials that are highly-effective in terms of thermal insulation, were proposed, and the results of carried out thermal 
calculations were then summarized and interpreted. 
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1. Introduction 
Timber-framed buildings represent a large part of the historical architecture of many European countries. As 
timber-framed constructions were particularly popular in the nineteenth century they are most often represented by 
building objects from that time, however, in the area of Europe there are still many such buildings from earlier 
centuries, among others, the XV and XVI century. Currently, many of them require the carrying out of renovation 
and repair works, including thermal modernization, which aims to improve their technical condition and comfort of 
usage while keeping or restoring their original aesthetic value [1]. At the same time they constitute a group of 
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building objects for which an improvement of the wall thermal insulation is particularly difficult because of the 
limited possibilities to intervene in the structure of walls due to their inclusion in monumental conservation 
protection and also because of the diversity of the building material of their walls. The frame of the structure was 
thus made of wooden elements, while the infill was made of a mixture of clay and straw, clay and sawdust or brick 
walls with lime or clay mortar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Photos of exemplary buildings with a timber-framed construction of walls: (a) timber-framed infill covered from the outside with plaster; 
(b) timber-framed infill made of a brick wall without plaster. 
In this paper, using an example of a selected building from the region of Lower Silesia, the possibilities in the 
area of improving the thermal insulation of timber-framed walls in historical buildings are examined. Therefore, an 
attempt to present the important issue of adapting - using modern materials and building technologies - historical 
buildings with a timber-framed construction to the modern technical requirements regarding the protection of their 
image and preservation of their historical value was undertaken. 
2. Possibilities of improving thermal insulation 
The modern materials and technologies which are currently available provide opportunities to improve the 
thermal insulation of historical building walls and also give the possibility to improve the thermal insulation on both 
the outside and the inside. When deciding on the thermal modernisation of historical buildings with a timber-framed 
construction the recommendations of monumental conservation should be strictly respected as the selection of an 
appropriate method of improving the thermal insulation is in fact dependent on the specifics of a particular building 
object. 
2.1. Improvement of thermal insulation from the outside 
Due to construction physics, the most effective way of improving the thermal insulation of walls with regards to 
keeping their hygrothermal balance is to put a thermal insulation layer on the outside. In the case of timber-framed 
building objects, only infill inside the wooden frame can be insulated in such a way as the covering of a frame is 
impossible due to its historical value. 
In a situation when the infill on the outside is covered with plaster (Fig. 1a), the solution of replacing the existing 
plaster with insulated plaster can be successfully applied. Before its application the wall can be additionally insulated 
with one of many modern insulating materials such as insulation boards with a core made of rigid phenolic foam 
with the thermal conductivity coefficient λ = 0,021-0,024 W/m·K or airgel mats with λ = 0,014-0,016 W/m·K [2,3]. 
The low thermal conductivity coefficient of these materials enables a thermal insulation layer with a small thickness 
to be used. This is significant in the case of timber-framed walls as it does not cause noticeable changes in the 
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appearance of the facade and thus the infill, which is insulated in such a way, only slightly protrudes beyond the face 
of the wooden elements. This method of improving the thermal insulation from the outside is usually accepted by 
conservators without any doubt. 
2.2. Improvement of thermal insulation from the inside 
When the infill of a timber-framed structure is a well maintained brick wall without plaster (Fig. 1b), increasing 
the thermal insulation of timber-framed walls by adding insulation on the outside is usually impossible. In this 
situation, the insulation of walls from the inside should be considered. This method is usually recommended by the 
authorities of monument protection in situations where the interiors of the buildings being modernized have no 
ornamentation. It should be noted that insulation on the inside will always be a less favourable option. It is usually 
more expensive, technically cumbersome and does not eliminate all the thermal bridges which deteriorate the 
comfort of the used interior. 
When deciding to improve the thermal insulation of walls by insulating them from the inside, one of two 
currently available technological solutions can be used based on completely opposite ideas: insulation with a tight 
vapour barrier on the inside and also - recommended for buildings which have been used for a long time - insulation 
which guarantees the free flow of water vapour through barriers. 
In the first of the above mentioned solutions, insulation boards made of polyurethane foam with an integrated 
vapour barrier coating and a very low thermal conductivity coefficient of λ = 0.023 W/m·K are used. They are also 
available as composite panels with a layer of plasterboard, thanks to which smooth wall surfaces ready for painting 
are obtained after their application. When deciding on this method of insulation, due to a total prevention of water 
vapour diffusion through wall surfaces, an efficient and effective ventilation system inside the building should be 
provided.  
Within the framework of the second solution, climate panels with a porous structure and easy vapour 
permeability are used. The most common are calcium-silicate panels with λ = 0.060 W/m·K, perlite boards with λ = 
0.045 W/m·K or boards made on the basis of silica aerogels which are characterized by the coefficient λ = 0.016 
W/m·K [2, 3]. After attaching them to the substructure the boards are covered with, for example, thin-layered plaster 
reinforced with a fiberglass mesh and paint coating. All surface materials used in this solution must have the highest 
permeability of water vapour and the lowest water absorption. 
3. An example of improving thermal insulation 
Using an example of a historical building from the area of Lower Silesia with a timber-framed construction of 
external walls, three possible methods of insulation with the use of modern materials which are highly-effective 
regarding thermal insulation were proposed. Afterwards, the results of the carried out calculations were summarized 
and then interpreted. 
3.1. The initial state of walls 
The load-bearing framing of external walls, which is the subject of the analysis, was made of larch wood. The 
infill is made of a brick wall with cement and lime mortar with a total thickness of about 16 cm and is plastered on 
both sides, however, some infill is made of solid bricks and some is made of cellular bricks.The thermal insulation 
of the external walls is low and the values of the heat transfer coefficient Uc, which were obtained from the 
calculations, are several times higher than the permissible value which amounts to Umax = 0,25 W/m2·K [4]. In the 
location of the wooden frame these values are more than 3-times higher while in the place of the infill even 10-times 
higher (Table 1). Therefore, there is surface condensation of water vapour on the surfaces of the inner walls which is 
conducive to dust settling on them. The dirtiness of walls is particularly visible on infills - their inside surfaces are 
much darker there than in places where the wooden frame is (Fig. 2) - and this indicates the occurrence of an intense 
process of condensation. 
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Table 1. Values of the heat transfer coefficient Uc in the characteristic places of the analyzed partition and their comparison 
with the permissible value of the Umax coefficient. 
Places of the analysed  partition Uc 
 [W/m2·K] 
Umax   
[W/m2·K] 
U/Umax 
[-] 
Infills made of solid ceramic brick 2,709 0,250 10,836 
Infills made of cellular ceramic brick 2,465 0,250 9,860 
Wooden framing 0,933 0,250 3,732 
 
 
 
 
 
 
 
Fig. 2. The external timber-framed wall of the analysed historical building seen from the inside: (a) in daylight; (b) in infrared. 
3.2.   The proposed variants of the insulation 
In order to improve the thermal insulation of the external walls of the analysed building, the following three 
variants of its insulation (Fig. 3) were proposed: 
VARIANT 1 - insulation on the outside. It involves the removal of existing exterior plaster with 20mm thickness 
and afterwards applying a layer of insulated plaster (λ = 0,12 W/m·K) with 30mm thickness. As a result of these 
actions, the plastered surfaces will slightly protrude beyond the face of the wooden framing. 
VARIANT 2 - insulation on the outside. It involves the removal of existing exterior plaster with 20mm thickness and 
afterwards insulating the infills with airgel mats (λ = 0,014 W/m·K) with 15 mm thickness and a layer of insulated 
plaster with a thickness of 10 mm. Similarly, as in variant 1, the plastered surfaces will slightly protrude beyond the 
face of the wooden framing. 
VARIANT 3 - insulation from the inside. It involves the thermal insulation of external walls with climate panels 
made of silica airgel (λ = 0,016 W/m·K) with a thickness of 40 mm and then finishing the surface with thin-layered 
plaster  with a thickness of 5 mm. Due to the interior decorations, the use of a thicker insulation layer was seen as 
possible. 
Fig. 3. Cross-section of the analysed timber-framed wall: (a) the initial state; (b) variant 1 of the insulation; (c) variant 2 of the insulation; (d) 
variant 3 of the insulation. 
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3.3.   The effects of the insulation 
The effects of improving the thermal insulation of the external walls of the analysed building according to the 
proposed three variants of the insulation are summarized in Table 2. Its graphic illustration is Figure 4. 
Table 2. Values of the heat transfer coefficient Uc in various places of the analysed external wall before and after the 
execution of the insulation according to the proposed variants 1-3. 
Places of the analysed  partition THE INITIAL STATE 
 
 Uc [W/m2·K] 
VARIANT 1 
 
 Uc [W/m2·K] 
VARIANT 2 
 
 Uc [W/m2·K] 
VARIANT 3 
 
 Uc [W/m2·K] 
Infills made of solid ceramic brick 2,709 1,707  0,705  0,390  
Infills made of cellular  ceramic brick 2,465 1,610  0,689  0,385 
Wooden framing 0,933 0,933 0,933 0,316 
 
 
Fig. 4. Effects of the improvement of the thermal insulation of the analysed timber-framed walls: (a) graphic illustration of Table 2; (b) the 
percentage reduction of the heat transfer coefficient DUc value in relation to the initial value Uc. 
When analysing the effects of the insulation obtained on the basis of the results of calculations which are 
included in Table 2 and Figure 4a, it can be concluded that in the case of all the three proposed variants, the thermal 
insulation of the analysed timber-framed walls increased, whereas a significant improvement was achieved in the 
second and third variant. And so, for example, in the places of infill made of the ceramic solid brick the value of the 
heat transfer coefficient Uc for the second variant of insulation is equal to 0,705 W/m2·K and for the third variant only 
0,390 W/m2·K. The scale of this improvement, expressed as a percentage, is presented in Figure 4b and shows that in 
the case of the second variant the thermal insulation of the analysed walls improved by 74% and respectively, in the 
case of the third variant by even 86%. 
It should be noted that although none of the proposed and possible insulation variants of the analysed building 
fulfill the condition included in [5], according to which the value of the heat transfer coefficient Uc in any place of 
the analysed partition cannot exceed the permissible value which is equal to 0,250 W/m2·K, in the case of building 
objects with great historical value and subjected to conservation protection, this condition does not have to be 
strictly fulfilled. 
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4. Summary 
Currently available modern materials and technologies provide opportunities to improve the thermal insulation of 
the walls of historic timber-framed buildings by insulating both the outside and the inside. Due to the numerous 
constraints which arise from the possibility of infringing the historical tissue, each such building should be treated 
individually by strictly following conservation recommendations as the choice of the insulation method depends on 
the specificity of the building object. For this reason, the insulation of the external partitions of historical building 
objects is not always possible in a way that meets the obligatory standards regarding the permissible value of the 
heat transfer coefficient Uc. It should be noted, however, that even improving only the thermal insulation of 
partitions by reducing the difference between the values of heat transfer coefficient in places of the wooden framing 
and places of infills, enables a more homogenous partition to be obtained which positively affects the microclimate 
inside a building object. 
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